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Copy of reference (relevant pages)- attached 

English translation: translation of related portions attached 

To investigate into the origin of this localization^ the 
section was observed by TEM. FIG. 6 shows 0002 bright 
field image from [0110] . It is known from FIG. 6(i) that 
multiple quantum wells of well width of 30 angstroms and 
barrier width of 60 A are formed. A magnified view of 
the quantum well portion is FIG. 6(ii) . Multiple black 
spots are present in the quantum well. The size varies 
from 2 to 5 nm^ but is mostly 3 nm. Considering the sample 
thickness (30 nm) , the density is 5 x 10^^ to 2 x 10^^ cm"^^ 
and the volume density is estimated around 2 to 9%. 

By rotating (30 degrees) the sample from [0110] to [1210] , 
the shape of black spots was not changed, and thus, it 
seems that an isotropic quantum dot region is formed 
spontaneously . 

Therefore, the origin of localized leveling is found to 
be a localized level of the quantum dot region in the 
quantum well. It is theoretically predicted by 
three-element mixed crystal of InGaN is likely to induce 
phase isolation, and spontaneous formation of InGaN 
quantum dots observed herein is considered to be derived 
from such a property of InGaN [18, 19]. 



Reference: A. Wakahara et al., "Growth of GaInN Alloy Layer and 
Its Composition Inhomogeneity^\ TECHNICAL REPORT OF THE 
INSTITUTE OF ELECTRONICS, INFORMATION AND 
COMMUNICATION ENGINEERS, October 1996, (Japan), p.p. 
15-20 

Copy of reference (relevant pages)- attached 

English translation* translation of related portions attached 



By waveform isolation of the GaInN diffraction peak, 
results of determining the In composition in the mixed 
crystal layer are shown in FIG. 6. As known from the 
diagram, the average composition of In decreases 
gradually along with elevation of growth temperature, and 
the composition is divided into two sections at growth 
temperature of 600°C or higher. In immiscible phenomena 
reported so far, the degree of composition separation is 
said to be severer as the growth temperature is lower '^^^ , 
but the nonunif ormity of the composition observed herein 
suggests an opposite temperature dependence of becoming 
severer as the growth temperature increases. 

On the other hand, as a result of close investigation into 
the growth temperature dependence of the growth layer 
composition, it is found that the composition becomes 
nonuniform in the high temperature growth region of 600°C 
or higher. 



Reference: T. Nakamori, "Unveiling the structure of pulse -oscillate 

GaN blue-violet semiconductor laser, NIKKEI ELECTRONICS, 

January 1996, (Japan), (No. 653), p.p. 13-15 

Copy of reference (relevant pages)- attached 

English translation: translation of relevant portions attached 

Unveiling the structure of pulse-oscillated GaN 
blue-violet semiconductor laser 

Multiple quantum well structure of 26 layers 
Detail is disclosed about the blue-violet 
semiconductor laser that Nichia Chemical Industry Co. 
succeeded in room temperature pulse oscillation. The 
active layer is realized by 26-layer InGaN multiple 
quantum well structure. The resonance surface is the GaN 
multilayer film on a sapphire substrate processed by 
etching. The problem of continuous oscillation is a high 
applied voltage of 30 V. This is because the resistance 
is high at the junction of the p-type electrode and GaN 
layer. The company tells the problem can be solved soon. 



FIG. 4 Structure of semiconductor laser. 

Portion of multiple quantum well is a 26-layer 
structure of a pair of Ino.2Gao.8N well layer and Ino.3Gao.95N 
barrier layer. By inserting a p-type Alo.2Gao.6N layer on 
this structure, the laser performance is enhanced. 
Nichia Chemical Industry Co. explains that this layer 
functions to protect the InGaN layer which is likely to 
be decomposed by heat. The GaN buffer layer of the first 
layer on the substrate and the n-type Ino.1Gao.9N layer on 
the n~type GaN layer are inserted in order to grow the 
upper layers by a higher crystal quality. 



Reference: S. Nakamura, "Development of blue device in final 

stage", ELECTRONICS, February 1996, (Japan), p.p. 1-3 

Copy of reference (relevant pages): attached 

English translation: translation of relevant portions attached 

Trend of new multimedia and direction of technology 
development (1) 

Development of blue device in final stage 

FIG. 3 Structure of InGaN-based MQW laser diode. 



Reference: S. Nakamnra, "Latest progress in nitride -based 

blue/green LED and semiconductor laser"'. International forum 

"Blue light-emission for tomorrow imaging", Contract research by 

"Blue light-emission'' project of Hoso-Bunka Foundation, Inc., 

May 1996, (Japan), p.p. 53 60 

Copy of reference (relevant pages) • attached 

English translation: translation of relevant portions attached 

Latest progress in nitride-based blue/green LED and 
semiconductor laser 
Shuzi Nakamura 



Abstract 



This is to report a successful development of high 
luminous intensity InGaN single quantum well (SQW) 
blue/green LED. Luminous intensity is 2 and 6 candelas, 
respectively. As a result, in three primaries of green, 
blue and red, LEDs of candela class are realized. By 
combining with the existing high luminous intensity 
AlInGaP red LED, white light source, full color display, 
and various applications are expected by making use of 
the features of LED such as high reliability and long life. 
Moreover, by using the InGaN multiple quantum well (MQW) 
structure as the luminous layer, for the first time in 
the world, we succeeded in room temperature pulse 
oscillation of the nitride-based semiconductor laser 
diode of blue-violet color. The oscillation wavelength 
of 420 nm is the shortest oscillation wavelength among 
the existing semiconductor lasers. 

FIG. 6 Structure of InGaN MQW structure laser diode. 



